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Numerical simulation of plasma detachment
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Recent space exploration projects are highly developed both in terms of scientific objectives and technologies involved. Ac
cordingly, electric thrusters with long time duration and high performance are considered indispensable, in particular for long-
term space missions such as those to outer planets. The performance of many of the conventional electric thrusters (e.qg., i
engines) is limited by electrode wastage due to the direct contact of the electrodes with plasma. In order to overcome this dif
ficulty, we are involved in research and development of electrodeless thrusters, in which there is no direct contact between th
plasma and the electrodes.

One of the central issues of the electric thrusters is the plasma detachment, the process where the accelerated plasma tra
far away and &quot;detached&quot; from the magnetic field originating from the thruster. If the plasma remains guided by the
magnetic field, it does not escape into free space and no thrust will be obtained as a result.

In order to identify the conditions where the detachment takes place and also to understand the physics of the plasma detac
ment in detail, we are performing computer simulations of the plasma detachment using PIC (Particle-In-Cell) code. First we
produce the diverging magnetic field by a pair of d.c. currents, a continuous stream of both electrons and ions are provided ¢
a central region of the simulation domain, imitating the acceleration region of the thruster. Plasma flows from the region with
intense magnetic field to the region with weak magnetic field, which is similar to the transition of the solar wind from sub-sonic
to super-sonic to the Alfven speed. The plasma with enough initial motional energy density can drag the magnetic field anc
eventually escape from it as the ions become un-magnetized. We show under what conditions the plasma can be detached frt
the thruster, and also discuss details of the particle orbits and a curious wavy structures observed in electron trajectories.
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